Cholinesterase and succinyldehydrogenase activity of surgically removed left atrial auricles from patients in atrial fibrillation and in sinus rhythm have been compared, using histochemical methods. Higher cholinesterase and lower succinyldehydrogenase activity has been found in atrial fibrillation than in sinus rhythm. The pulmonary capillary mean pressure of patients with atrial fibrillation and sinus rhythm have been also compared. There was no significant difference between the two groups. On the basis of the reported examinations, it is not possible to decide whether the changes in enzyme activities are the cause or the result of atrialfibrillation.
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Studies on the histochemical structure and metabolism of various parts of the heart muscle have shown the existing basic differences in the intermediary metabolism of the conductive system of the heart and of the working muscle mass, respectively. The oxygen uptake of the conductive system is lower, similar to the succinyldehydrogenase activity, while the glycogen concentration is higher than that of the working musculature (Schiebler, Stark, and Caesar, I956; Isaacson and Boucek, I968; Opie, I969) . In contrast to the oxidative metabolism of the working muscles, that of the conductive system is characterized by anaerobic glycolysis, and this difference becomes more obvious as we go up the scale from lower to higher stimulatory centres. For this reason the resistance and tolerance of specific musculature to anoxia are much greater than those of the working muscles (Trautwein, Gottstein, The acetylcholinesterase activity of these tissues is also different: activity is higher in the conductive system in contrast with lower activity in working musculature (Burn, I953; Carbonell, I956; Dumont, 1957 These histochemical and ontogenetic characteristics led us to the following hypothesis. According to Nachmansohn (I962) the acetylcholine-cholinesterase system is regarded as the specific chemical structure to be foundin each zoological species and able to produce action potentials with propagation in the form of impulses. The necessary energy to supply this system is provided with the aid of anaerobic metabolism by the specific musculature (Opie, I969) . It might be assumed that the origin of some arrhythmias lies in the pathological shift of the metabolism and of the acetylcholine-cholinesterase system. The development of ectopic foci producing stimuli or the formation of circus movement (re-entry and micro-re-entry mechanism) are possible mechanisms of arrhythmias. The function of these foci and pathways is similar to that of the normal conductive system. It seems plausible that similarity in the function involves similar histochemical processes. It is to be expected that in these cases of arrhythmias high cholinesterase activity and increased rate of anaerobic metabolism -normally present only in the conductive systemshould be demonstrable in the working muscles as well.
As a first step to test the value of this hypothesis, cholinesterase and succinyldehydro-genase activities were determined in the excised left atrial auricles of patients with sinus rhythm and atrial fibrillation, who had been operated on for valvular and congenital heart disease.
Material and methods
The left atrial auricle excised during operation was bisected immediately after its removal. One piece of it was cooled to o°C., the other was fixed in 4 per cent formalin solution containing i per cent CaCl2 for 5 hours. Succinyldehydrogenase activity was estimated in the frozen part in freshly frozen slides prepared in the cryostat of Linde. Incubation of 20 p thick slides was performed at 370C. for 30 minutes, according to the method of Pearse (I960). The incubation solution contained nitro BT. Succinyldehydrogenase activity was reflected by the purple coloured reaction product at the sites of the mitrochondria. Cholinesterase activity was estimated in CaCl2-formalin solution fixed muscle tissue (Karnovsky and Roots, I964). The fixed material was dissected with freezing microtome and the 20 0 thick slides were placed in the incubating solution for 2 hours at 37GC. The slides were covered with glycerol. Acetylthiocholiniodide was the substrate. The endproduct of the reaction was a very finely distributed reddish-brown sediment covering the whole of the muscle fibres ( Fig.) . The nuclei of the muscle fibres were always negative.
Results
The cholinesterase and succinyldehydrogenase activities of the left atrial auricles excised during operation on 48 patients with valvular and congenital heart disease have been estimated. Forty-one patients underwent mitral commissurotomy, and implantation of an artificial mitral valve was performed in three others, one patient receiving heterotransplantation of the aortic valve. Two patients were operated on because of septal defect and one other because of aortic coarctation. The mean age of the patients was 34 (I7-52) years; there were 36 women and I2 men. The valvular disease was of rheumatic origin in each case. Seventeen patients had atrial fibrillation; in three, the arrhythmia consisted of supraventricular extrasystoles (Table) . In all these cases succinyldehydrogenase activity was much reduced while the activity of cholinesterase was significantly increased. The sites with higher cholinesterase activity showed a patchy distribution (Fig.) . In 26 of 28 patients operated on in sinus rhythm the cholinesterase activity of the auricle was normal. In two patients with sinus rhythm, cholinesterase activity was raised and succinyldehydrogenase activity was decreased. In one of the two patients there was cerebral and right lower extremity embolism which was possibly caused by paroxysmal atrial fibrillation. The pulmonary capillary pressures as measured during catheterization before operation in our patients in sinus rhythm or atrial fibrillation were also compared. There was no significant difference between the two groups: the mean pulmonary capillary pressure was 32-6 mm. Hg in patients with sinus rhythm, and in those with arrhythmias this amounted tO 30-7 mm. Hg. The same relation between groups with high and normal cholinesterase activity was 3I6:309 mm. Hg.
Discussion
Several studies discuss the role of the acetylcholine-cholinesterase system in the physiology of stimulation and on the genesis of pathological stimuli. The theory of Nachmansohn (I962) has already been cited, together with studies proving that the cholinesterase  FIG. ( (Holland, Burn, and Schumann, 1957; Rand and Walker, 1958; West and Cox, I960; Zacouto and Coraboeuf, I964; Yamada et al., I968; Csapb, I97I) . Melnikova (I967) noted increased cholinesterase activity in the tissues of hearts with chronic myocardial hypertrophy. Peretz et al. (I965) assumed that changes in the cholinesterase activity might play a role in the genesis of arrhythmias accompanying myocardial infarction: the tissue pH falls due to local metabolic acidosis. The activity of the cholinesterase decreases because its optimal pH lies between 7-5 and 8-5. In studying the common pharmacological features of the antiarrhythmic drugs, Burn (1956) stated that these inhibited acetylcholine. In our present experiments the cholinesterase and succinyldehydrogenase activities of the left atrial auricle from patients in sinus rhythm and atrial fibrillation were compared. Much higher cholinesterase and much lower succinyldehydrogenase activities have been found in patients with atrial fibrillation than in those with sinus rhythm. It seems, therefore, as far as these two parameters are concerned, that in cases of atrial fibrillation the histochemical structure of the working musculature of the atrium approaches that of the conductive system: its anaerobic metabolism (reduced succinyldehydrogenase activity) and its cholinesterase activity are increased.
On the basis of our examinations, we are not able to decide if atrial fibrillation is followed or caused by enzyme changes, or whether higher cholinesterase activity is due to an increased acetylcholine content or not. In cases of atrial fibrillation enzyme activities were not detected, whereas in cases of sinus rhythm, values higher than normal were seen, and in two cases (Cases 24 and 4I) a reduced succinyldehydrogenase activity was found when cholinesterase activity was normal.
These findings lead us to suppose that the primary change might be a shift in the intermediary metabolism due to hypoxia. This may be followed by the imbalance of the acetylcholine-cholinesterase system and by the onset of arrhythmia. It is hoped that a solution will be found from the experiments now under way, including quantitative analyses of cholinesterase and glycogen content and measurements of the enzymes of glycolysis of atrial muscle.
